Modeling social networks
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Examples of complex networks:

Internet
Transport networks
Protein interaction networks

Food webs

Social networks, e.g. collaboration

networks, friendship networks...

Chains of Affection: The Structure of Adolescent
Romantic and Sexual Networks: Peter S.
Bearman, James Moody and Katherine Stovel
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networks, citation
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Local properties

node degree: numbers of links
arriving at one node 2

in(out) degree: number of Dl
ingoing (outgoing) links for 1

one node (directed 1\
networks) ; -
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Degree distribution

the degree distribution is o1l
known to behave like power- oot |
laws in many situations, § oot |
usually with an exponential oo |
cut-off 3 |
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Local properties

clustering coefficient: number of triangles

local correlations: assortativity...

High-degree vertices prefer to attach other
high-degree vertices (social networks)
High-degree vertices prefer to attach low-
degree vertices (technological networks)

FE B

network n T

physics coauthorship® 52909 0.363
z biology coauthorship® 1520251 0.127
5 | mathematics coauthorship® 253 339 0.120
% film actor collaborations® 449913 0.208
= | company directors® 7673 0.276
:: Internet® 10697 —0.189
‘§ World-Wide Web* 269 504 —0.065
— | protein interactions® 2115 —0.156
& | neural network” 307 —0.163

food web' 92 —0.276
= | random graph" 0
< | Callaway et al.” 5/(1+ 24)
g | Barabési and Albert" 0



Global properties

distance: length of the
shortest path between
nodes \\\“

small-world behaviour T

d~InN
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Hype of social networking

MySpace.com | Home The Web & MySpace @
YOoor UW
printer
| |

MYSPR[:E MUSI[: Music Videos Directory Search Top Artlsts Shows Music Forums Music Classifleds  Artlst Signup

Help | SignOut

* Of fotopapier (20 vel) voor
€ 0 als nieuwe klant vandaag!

Tara Mackey

Indie [ Acoustic [ Folk Rock

FLORAL PARK, New
York
United States

Profile Views:
17021

Last Login:
8/13/2006

View My: Pies | Videos
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New marketing/sales strategies

Importance of the buzz of a product: discussions
between bloggers, chatters...

The huge amount of online databases helps to “measure” and
predict the behaviour of users

Inside the Music Store Mare from U2 Listeners Also Bought
M How to Dismantle an... Original of the Species (... 1 One I'm Not Dead (International ...
uz /© Uz 2. sunday Bloody Sunday Pink
Released 2004 Released 2006 3. With or Without You Ultimate Collection
r 7 4 P 4. Vertigo Eurythmics
) . 5. Pride {In the Name of Love) Playing the Angel
Reviews &, All Because of You - Sin... 6. New Year's Day Depeche Made
Gift This Music /% uz2 7. Original of the Species (Single Versi... ngeﬂﬁigﬂnns
Tell a friend ﬂ.{ Relsased 2006 S-St 3 Myestary o e (LI Broem Er... Pocket Revolution
dEUS
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CREEN

Critical Events in Evolving Networks

(www.creen.org)

e AR =

Participant universities

Faculty of Physics and the Center
for Complex Systems at Warsaw
University of technology

SUPRATECS at University of
Liege

Statistical Cybermetrics Research
Group at University of
Wolverhampton

Metherlands Institute for Scientific
Information Services (NIWI) of the
Royal Netherlands Academy of
Arts and Sciences (KNAW)

Faculty of Informatics at University
of Karlsruhe
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17/01/2006 5
Fondation Universitaire, =

Rue d’Egmont, 4
1050 Ixelles CREEN

Critical Events in Evolving Networks

This workshop aims at an inter-disciplinary audience, interested in
the various ways to apprehend social networks: gathering and
treatment of empirical data (especially from blogs and RSS feeds),
visualization of network structures, conceptualization and network
modeling by using statistical physics methods.

Program

09.15-09.45: Presentation
09.45-10.30: J. Holyst, Competing social groups in social networks
10.30-11.15: R. Lambiotte, Modeling growing social networks

11.15-12.00: V. Eguiluz, Epidemic threshold in structured scale-free
networks

13.30-14.15: M. Thelwall, Impact factors of scientist's personal pages
14.15-15.00: R. Rousseau, Lorenz curves determine partial or-
ders for inequality and similarity measurements

15.00-15.45: D. Wagner: Visone: Visualizing dynamic networks

15:45-16.30: U. Brandes: Network analysis: Methodological founda-
tions

16.45-17.30: J. van Ginneken, Hidden persuaders

17.30-18.15: |. Hellsten & A. Scharnhorst, Self-citations, co-
authorships and keywords: : A new approach to scientists' field mobil-
ity?

contact: R. Lambiotte, B5, Université de Li¢ge, B-4000 LIEGE, Belgique
E-mail: renaud.lambiotte@ulg.ac.be Tel: +32 4 366 3660
Info: http://www.creen.org

I




Wolverhampton

Gathering of blog data: hyperlinks, content...
(e.g. blogpulse)

I o

fréhd -F:n‘.esults

Generated by ElogPulse Copyright 2006 Miglsen BuzzMetrics.
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Wolverhampton

Relaxation after a shock?
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Karlsruhe

Visone: static and dynamic visualization of networks

[ en0e Unnamed - Unsaved - visone
File Edit Nodes Links Layout View Help
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Node Weight Uniform - H
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Amsterdam

Collaboration networks: extraction of information from the
network structure




Liege+VWarsaw

Modeling of processes taking place on the network: virus spreading

disease dies

Homogeneous Heterogeneous
network hetwork
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Liege+VVarsaw

Modeling of processes how the network evolve (grow):
directed networks (trees) undirected networks
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Barabasi-like networks

Many social systems exhibit what is called
cumulated advantage, preferential attachment...

=%  multiplicative process

'ﬂ small probability




This model accounts for the importance of the
degree of the nodes...

...and reproduces quite well the emergence of
power-law degree distributions
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This model accounts for the importance of the

degree of the nodes...
..but it is a “mean-field” model where the localization

of the nodes is not taken in account (taste, kind,

genre.. "
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This model accounts for the importance of the
degree of the nodes...

...and does not reproduces the structuring of the
network (clustering coefficient, communities...)

o
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BA model: C=0, r=0, I=log(log(N))

network Ly e 1 i £ i e | C o r | Refis].
film actors undirected 449913 25 516G 482 113.43 348 23 | 020 0.78 (208 | 20, 416
company directors undiractad THT3 L a2 14.44 4.60 0.59 088 (L2706 InG, 323
ruath coauthorship undirectad 253330 4196 480 .02 T.45T 015 0.34 (120 lor, 182
physics eoauthorship undirectad hH2 409 245300 9.27 G.19 .45 056G Laga | 3Ll 313

=2 | biclogy coauthorship | undirected 1520251 11 803 034 15.53 4.92 (h.0=4 0.G0 0.127 | 31l 313

§ telephone call graph undirected 47 000030 20000 (00 A.16 2.1 8.4
armall messages directed HoaL2 86 300 1.44 1.95 1.5/2.0 0.1G 136G
email address books directed 1GBRL LT 2o 338 h.22 017 0.L3 (092 a2l
student relationships | undirected 573 47T 1.66 LG.0L U | 0.00L —1.029 45
sexial contacts undirected 2810 3.2 265, 266

= | WWW nd. edu directed 260 5Hd 1497 1% 5.55 ey | 21/24 | 0.11 n.2a —0.067 14, 34

2 | WWW Altavista directed 203 549046 | 2 130000 (00 1046 la.1s | 2.1/2.7 T

E citation nevwork directed T8I 338 G716 198 24T 3.0/ a6l

*-E Hoget's Thesawrus directed 122 Hl03d 4.95 1.587 .13 015 (157 244

T | word co-oecurtence undirected AG0 02 17 000 (0 13 ar R 114, 157
[nternat undirected 10GAT 319492 5.498 331 A | DEs | 038 —.184 86, 148

= | power grid undirected 4841 G584 287 18.949 .10 0080 —.003 416

'E;_Jc Lrain rowutes undirected LET L9603 6. 79 216 0.G9 —.033 366

E | software packages directed 1438 1723 1.20 242 16/1.4 | 00T | 00BZ —0.016 | 318

E saftware classes directed 1377 2213 161 .51 00433 0oLz —.119 | 385
alectponic circuits undirected 24 Nav RS b 4.34 L1.0% a.n (L0 0030 —.154 155
peer-to-peer network | undirected &R0 L 2906 1.47 1.28 2.1 0.012 | 0D.011 —[L366 | 6. 354
ruetabolic natwork undirected TGh JGBG G641 2,54 2.2 0.090 0.GT —.240 214

E protein interactions undirected 2115 2240 2.12 G50 24 | 0072 ) DOTL | —(h156 | 212

_Ec rarine foeod web directed 135 L08R 4.43 2.05 .16 0.23 —L2653 204

'_E freshwater food web directed Az 9a7 1084 1.0 .20 0087 —.326 i
nevral network directed ane 2350 T.64 J.a7 .14 0.28 —1.226 416, 421




Models with local mechanisms:
beyond the mean-field approach

Simplest interaction possible: imitation.

You copy what you friend is doing.

E.g. listen to the same music, have the same friends,
cite articles in the same scientific field...

A A

*:-:- A *"'.-_ in— i

} 4 A 4 In the Ising model,
e o “ “ spins of neighbours
) A \ have a tendency to

F) 4 ) J J align.

\ Y Similar model for
A A ' the network

,[: e i “ . structure?

4 4 4

4 4 4 4 4
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Undirected network with copying processes

At each time step, a new node randomly connects to a target

node.With probability p, it also connects to the neighbours of
the target node.

For instance, the target node already has 3 neighbours:




By construction, starting from | root node, the system grows (N+1/
nodes after N steps) and behaves like:
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Purely random What are its properties Fully connected
network when p=0  when p €]0,1] ? network when p=1
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The system exhibits transitions for different characteristics.
For instance, the total number of links behaves like:

r(l —2p)"'N for p<1/2; ——>  Sparse phase
L(N)=< NInN for p=1/2;
| A(p) NZP for 1/2<p<1. ——> Dense phase

The degree distribution satisfies the non-trivial set of equations:

ANy, N1 — N,  (k—1)Ny_1 — kNg

N - N TP N

_ 5 k—1 s—k+1
mEp= Y ns(k_l)p (1-p)

+ My

When p < 1/2 , the asymptotic ng~k=7 as k> 1
solution is stationnary: v =14 p—l B p’y—2

S




Degree distribution

p<1/2 p>1/2
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The network structure has been studied by looking at the average
number of complete sub-graphs in the network

-




Simplified “all-or-none” model

ol
F%—?——E
With probability p, all the N
neighbours of the target node " %
are linked; otherwise, none is & 2,
o
linked.
o B
:I— [%— =] @
- .
P 1 —1p
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Distance distribution in the “all-or-none” version of the model

2(1 —p)
N

P(d,N +1) = [1 + %p] P(d,N) +

P(d—1,N)

From which the distance moments can be found.
The average distance asymptotically behaves like:

d~2(1—p)InN

while the fluctuations are gaussian and asymptotically vanish.

S




The oversimplified model reproduces all the
characteristics of social models

p(9 — 14p + 11p?)

Positive assortativity r = 2 1 D — 5p2 + 2]93
'(k+1+1/p)

Power-law degree distribution Nk = T'(k+ 1+ 2/p)
Non-vanishing clustering coefficient C =3p/(1+2p)
Small-world behaviour d~2(1—p)InN

S



Application to a model with redirection, with fixed
number of nodes and links.

<€ >
yy, go to the “grand-father” (1 — p) connects to a node
chosen randomly

small p, random structures high p, condensation around | node
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